Purpose {#S1}
=======

Lymphomas of the ocular adnexa are infrequent entities, with roughly 8% of extranodal lymphomas \[[@ref1]\]. The most affected subsites are the conjunctiva, lacrimal glands, and eyelids. Different reports show that the most common histological type is of B-cell origin (98%), of these, the most frequent subtype is extranodal marginal zone lymphoma (MZL; 80%), also known as mucosa-associated lymphoid tissue (MALT) lymphoma, followed by follicular lymphoma (8%), diffuse large B-cells lymphoma (3%), and mantle cell lymphoma (3%) \[[@ref2],[@ref3],[@ref4]\]. Conjunctival lymphoma is a neoplasm predominantly affecting older adults. Low-grade subtypes such as MZL usually appear around the age of 60, while high-grade subtypes are more frequent in patients older than 70 years \[[@ref5],[@ref6],[@ref7]\].

To date, no standard of care have been established, as only few heterogeneous data are available on how to treat these tumors \[[@ref8]\]. As local recurrence is the most common pattern of failure, local radiotherapy is a frequently applied modality, resulting in local control rates of 33-100% after 5 years, with a wide variable range due to patient selection and different treatment modalities \[[@ref9]\]. However, details on radiation techniques, radiation doses, and field definitions required to achieve local control remain unclear.

Radiation-sensitive structures such as retina and cornea, limit the doses and field sizes in conventional external-beam radiotherapy (EBRT). In turn, surface brachytherapy using low-energy X-rays may allow sparing organs at risk, as they are rapidly absorbed with a steep dose fall-off and thus, only few millimeters of tissue receives therapeutic doses and organs-at-risk can be spared \[[@ref10]\].

Here, we present the outcomes of three patients diagnosed with ocular conjunctival lymphoma treated with low-energy brachytherapy. Due to a unique physical characteristics of this X-rays, efficient sparing of healthy tissues allowed to apply a single therapeutic fractions. We also reviewed and discussed other studies and case series where single-fraction or short-course regimes were used.

Cases presentation {#S2}
==================

Case no. 1 is a 67-year-old woman that presented with foreign body sensation, redness, and pain in the left eye. A physical exam showed a 20 × 10 mm conjunctiva-attached highly vascularized lesion of salmon color, reaching from the bulbar conjunctiva to the lower fornix. The visual acuity was 20/25 for the right eye and 20/40 for the left eye; ocular motility was preserved, pupils were reactive to light, and a fundus exam showed no abnormal findings. An ocular ultrasound revealed a lesion thickness of 2 mm. The final pathology as per incisional biopsy revealed the diagnosis of extranodal marginal zone lymphoma (MZL/MALT) of a CD20+, CD5--, BCL6--, and CD3-- phenotype, with low proliferative activity (Ki67 of 10%) and a restriction to light chains (KAPPA+/LAMBDA--). Further staging with chest and abdominal tomography and bone marrow aspiration was negative, which was consistent with a clinical stage IE, and local brachytherapy was estimated to be sufficient to control this disease. The application procedure was then carried out under topical anesthesia, blocking of the ocular musculature, and fixing of the eyelids with a blepharostat. The head was then fixed in a thermoplastic mask, which was fenestrated over the left eye. For brachytherapy, a low-energy X-ray device (50 kV maximum energy; Intrabeam, Carl Zeiss Meditec AG, Jena, Germany) equipped with a 2 cm flat applicator was placed on the lesion, with light pressure applied to flatten the tumor. Irradiation with 14 Gy prescribed to a 2 mm depth was started once the articulable arm of the device was fixed ([Figure 1](#F1){ref-type="fig"}). The dose was chosen after calculating the equivalent dose of a 2 Gy fraction scheme (EQD~2~ = BED/\[1 + {2/α/β}\]), considering an approximate relative biological effectiveness (RBE) of 1.3 \[[@ref10]\] and a tumor α/β ratio of 10 Gy \[[@ref11]\], resulted in an EQD~2~ of 36.4 Gy. Due to the absorption properties of low-energy X-rays, the dose to the lens was less than 4 Gy in the worst-case scenario ([Figure 2](#F2){ref-type="fig"}). Thereafter, the patient presented in three-monthly follow-ups, where the visual acuity of treated eye was seen to be unaltered, and no adverse effects related to the local treatment were noted. Till now, no evidence of persistent or local recurrence after 3 years and 4 months are noted ([Figure 3](#F3){ref-type="fig"}).

![Application procedure](JCB-12-41156-g001){#F1}

![Maximum dose to lens after 3 mm depth prescription](JCB-12-41156-g002){#F2}

![Pre- and 2-year post-treatment control pictures show complete resolution of the lesion](JCB-12-41156-g003){#F3}

Case no. 2 is a 50-year-old woman, with a 4-month history of left eye redness and mild foreign body sensation. At the clinical examination, a salmon-colored conjunctival lesion was observed in the left eye at the level of lower fornix, with soft consistency, and encompassing the entire fornix. Visual acuity was unaltered, pupils were reactive, and ocular motility was preserved. An ocular ultrasound showed a lesion thickness of 3 mm. An incisional biopsy of the conjunctival lesion revealed a low-grade non-Hodgkin MALT lymphoma of a CD20+, BCL6--, CD5--, and CD3-- phenotype, with a proliferative activity (Ki67) of 15%. After further investigation, the patients were staged as IE. Superficial brachytherapy was performed with low energy photons at a dose of 14 Gy, prescribed at 3 mm depth with a 2 cm flat applicator, as described for case No. 1. Quarterly controls were scheduled thereafter and, at a follow-up time of 2 years and 4 months, no evidence of disease recurrence or toxicity in the affected eye were noted.

Case no. 3 is a 67-year-old woman, who presented with a foreign body sensation in the left eye. On clinical examination, a conjunctival lesion was noted at the lower fornix, salmon-colored, with soft consistency. Visual acuity was unaffected on both eyes, pupils were reactive, ocular motility was preserved, and a fundus exam showed no abnormalities. The tumor thickness was 2 mm as per ocular ultrasound. An incisional was performed, establishing the diagnosis of extranodal marginal zone lymphoma of a CD20+, CD10--, BCL2+, CD5--, and CD3-- phenotype. Further staging (CT, bone marrow aspiration) was negative, which was consistent with stage IE. Superficial brachytherapy was applied at a dose of 14 Gy, prescribed to 2 mm depth using a 1 cm flat applicator. Three-monthly exams were then scheduled, revealing no evidence for recurrence or toxicity at a follow-up time of 2 years and 7 months.

Discussion and conclusion {#S3}
=========================

Conjunctival lymphomas constitute the most frequent malignant tumors of the orbit, with the majority involving the conjunctiva with 50% of lesions located in the fornix and, to a much lower percentage, in the bulbar area, and rarely in the limbal or tarsal zone \[[@ref12],[@ref13],[@ref14]\]. Their incidence is increasing and, due to regional differences, risk factors such as chronic infection with *Chlamydia psittaci* and *Helicobacter pylori* were discussed \[[@ref4]\].

Patients with conjunctival lymphomas most frequently present with foreign body sensation and redness of the affected eye \[[@ref5]\]. Other associated symptoms, although less common, are dry eye, epiphora, secretions, ectropion, or photophobia. B symptoms (fever, diaphoresis, weight loss) are rare in conjunctival lymphoma and could indicate a different phenotype \[[@ref15],[@ref16]\]. The usual time span between first symptoms and first ophthalmological consultation is 1 month, although there are studies reporting up to 10 years of evolution prior to diagnosis \[[@ref12]\].

MALT extranodal marginal zone lymphomas are not exclusively unilateral; there is a 4 : 1 relation to bilateral presentation \[[@ref17]\]. Although less frequent, systemic spread may occur and staging should therefore not be different from that of other lymphomas, with whole-body imaging studies as well as bone marrow exams \[[@ref18]\]. In consequence, dependent on histology, the extent of the disease, prognostic factors related to the patient, and visual acuity of the affected eye, therapeutic options vary from localized to systemic therapy.

###### 

Reports on short-course radiotherapy for conjunctive lymphoma. The outcomes after 5 or less fractions of radiotherapy to treat conjunctival lymphoma are presented

  ---------------------------------------------------------------------------------------------------------------
  Report/reference                No. of\    Total\           Number of\   Outcome(s)
                                  patients   dose             fractions    
  ------------------------------- ---------- ---------------- ------------ --------------------------------------
  Sarria *et al*., 2018           39         18-22 Gy         1            No occurrence of ≥ grade 2 toxicity

  Marr *et al*., 2015             2          15 Gy            1            100% of local control at 24.9 months

  Regueiro *et al*., 2002         10         40-80 Gy         1 (LDR)      67% of local control at 120 months

  This report                     3          14 Gy            1            100% of local control at 26 months

  Bianciotto *et al*., 2010       13         13.5-22.5 Gy     5            100% of local control at 23 months

  Cotting-Bodmer *et al*., 2016   1          4 Gy             2            Local failure after 9 months

  Fasola *et al*., 2013           20         4 Gy             2            85% of local control at 26 months

  Hoskin *et al*., 2014           614        24 Gy vs. 4 Gy   2            4 Gy was inferior to 24 Gy
  ---------------------------------------------------------------------------------------------------------------

Localized conjunctival lymphoma may be either treated with EBRT, brachytherapy (BT), local immunotherapy, cryotherapy, or surgery \[[@ref13]\]. Even observation has been suggested in selected patients \[[@ref14]\]. Within the spectrum of radiotherapy tools, EBRT and BT are the most widespread options, with numerous published studies reporting control rates between 86% and 100% \[[@ref19]\].

Conventional management with EBRT consists of delivering doses between 25 and 30 Gy in conventional fractionation (1.8-2 Gy per fraction) for indolent lymphomas, or up to 36 Gy for aggressive phenotypes. Electron beams, covering the entire conjunctiva and eyelids, are to date the most commonly used \[[@ref9]\]. However, due to their specific absorption properties, complication rates with electrons are high, with a considerable fraction of patients developing xerophthalmia, retinal damage, cataract, and corneal ulcers \[[@ref20],[@ref21],[@ref22]\].

A different approach was described by Bianciotto *et al*. using short-course robotic fractionated-radiosurgery (CyberKnife). with doses between 13.5 and 22.5 Gy in 3 to 5 fractions. A complete response was noted in all of the 13 patients reported, after a mean follow-up of 23 months, with only one patient developing cataract after the treatment \[[@ref23]\].

Brachytherapy is another commonly applied therapy in the management of this group of patients. There is a body of literature on favorable results with the use of isotopes either as plates, such as strontium, phosphorus, and iodine \[[@ref24],[@ref25],[@ref26]\], or isotopes coupled to an (anti-CD20) antibody \[[@ref27]\]. A favorable experience shared by Regueiro *et al*. has shown local control rates of 76.9% (*n* = 10/13 eyes) without an evidence of failure in 67.5% of patients, who underwent treatment with ^90^Sr and ^90^Y, to total doses between 40 and 80 Gy, and after a median follow-up of 78 months. Despite these encouraging outcomes, 95% of their cohort developed G2 or higher toxicity, having 6 G3 or G4 events \[[@ref26]\]. Although, not comparable regarding the number of patients presented here, our approach might potentially resemble fewer toxicity events than that aforementioned. From a logistics perspective, the use of unsealed source radiotherapy for conjunctival malignancies has declined in recent years, given the emergence of safer therapeutic alternatives for both, patients and health personnel.

Short-course and low-doses schemes have been described as well. A Stanford-based group published a series of 27 patients with stage I/II treated with only 4 Gy delivered in 2 fractions. This low-dose therapy resulted in 23 complete responses, 3 partial responses, and 1 stable disease after a median follow-up of 26 months \[[@ref28]\]. A further single-patient case report also described this treatment scheme; however, after 9 months follow-up, the patient relapsed and received salvage re-irradiation of 25.2 Gy at 1.8 Gy per fraction \[[@ref29]\].

Similar experience was described by König *et al*. in two consecutive papers. In the first retrospective review paper, they showed a group of 52 patients diagnosed with indolent orbital lymphomas between 1987 and 2014, comparing a total of 52 lesions treated with conventional radiotherapy schemes (26-46 Gy at 2 Gy per fraction) with a total of 8 lesions treated with a short-course radiotherapy scheme (4 Gy in 2 fractions). After a median follow-up of 133 months in the conventional radiotherapy group and 25 months in the short-course radiotherapy group, they described a 2-year progression-free survival (PFS) of 95% vs. 68.6%, respectively \[[@ref30]\]. In a subsequent paper, they presented the outcomes of 47 patients with a median follow-up of 21 months, where the 2-year local progression-free survival (L-PFS) was 91.1% (96.7% for primary and 83.8% for recurrent tumors) \[[@ref31]\].

However, there is a major concern about this approach, as a short-course scheme of radiotherapy might not be optimal for a palliative intention. A randomized, phase III trial published by Hoskin *et al*. (FORT trial) has proven the worth of radical doses against short-course radiotherapy. A total of 614 sites were randomized to receive either 24 Gy or 4 Gy at 2 Gy per fraction (*n* = 299 and *n* = 315, respectively). After a median follow-up of 26 months, 21 and 70 local progressions had developed in each group, respectively. Therefore, the radical dose approach should still be considered as the standard of care for these cases scenario \[[@ref32]\].

Based on these findings, this novel approach intended to shorten the treatment course without compromising the effectivity achieved by the standard treatment, by calculating an equivalent radical dose as previously discussed. Koren *et al*. performed a dosimetric study on electronic brachytherapy with low energy (kilovoltage, kV) X-rays, and showed that irradiation of ocular structures is expected to be safe \[[@ref33]\]. In consequence, we initiated a phase I/II study on adjuvant electronic brachytherapy for patients with resected squamous cell carcinoma of the ocular conjunctiva. At single doses between 18 and 22 Gy, we did not see any grade 2 or higher toxicity, which suggested that this therapeutic strategy may also be safe for patients with conjunctival lymphomas, where even lower doses were applied \[[@ref34]\].

Finding efficient single-session treatments will also have socio-economic implications in countries such as Peru. The current Peruvian health system aims at optimization of resources while maintaining quality with adequate therapeutic outcomes to guarantee greater access to health services. However, a major challenge is the scarcity of oncologic services in the country, forcing existing facilities to handle a large influx of patients. Obtaining comparable results from treatments that require only a single shot versus multiple applications of EBRT, will be the key to overcome these difficulties. The displacement of patients from their place of origin, assuming transportation and lodging expenses that are not generally contemplated in health coverage, are additional problems to be considered \[[@ref35]\]. As for future directions, and based on the encouraging outcomes described here, a single-fraction dose de-escalation should be addressed for further evaluation.

Overall, we report a small series of patients with early-stage conjunctival lymphoma treated with a single fraction low-energy electronic brachytherapy. With follow-up periods of more than two years in all cases presented, no evident acute toxicity and promising local control in all patients treated were so far observed. A prospective evaluation in a larger collective is warranted.
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